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BY Byron M. Jaquet and H. S. Fletcher

SUMMARY

A find-tunnel investigation was msde at low speed in the Lsngley
stability tunuel to determine the effects of fuselage nose length (the
fuselage fineness ratio varied from 7.4.1to 10.18) snd a canopy on the
static longitudinal and lateral stability characteristics of a complete
model having a fuselage with square cross sections, a 450 sweptback wing
of aspect ratio 3 mounted low on the fuselage, and a 45° ==@b=k hori-
zontal tail of aspect ratio 4 mounted slightly above the”wing chord plsne.
The data were obtained through an angle-of-attack range of -10° to 32°
aud an sngle-of-sideslip range of -24° to’24°.

The results of the investigation have indicated that the static
margin at s.nangle of attack of 0° was decreas~ by about 0.09 mesn aero-
dynamic chord when the ratio of the fuselage nose length to the maximwn
depth was increased from 3.80 to 6.58. At small sideslip angles the
addition of the csnopy to each complete model had essentially no effect
on the lift, drag, and pitching-moment coefficients for the sngle-of-
attack range investigated; however, at large sideslip sngles the canopy
produced some effect. With approximately the ssme emount of directional
stability at sm angle of attack of 0° (obtained by increasing the vertical-
tail size in proportion to the fuselage size), an increase in the nose
length caused large decreases, at moderate snd high angles of attack, in
the directional stahili~ of the complete model&!with the campy on or off.
The campy reduced the directional stabiliw of the cmnplete mrxiel.sover
almost the entire angle-of-attack rsnge for all nose lengths investigated.
For the longest fuselage, the model was directionally stable above the
stall with the canopy on but very unstable with the C-OPY off. It WSS

found, for the mcdel having a fineness ratio of 9.26, that these changes
in directional stabi13ty due to the csnopy were associated with favorable
and unfavorable sidewash caused by the canopy and that the fuselage caused
large decresses with increasing angle of attack in the tail contribution
to the directional stabillm as a result of adverse sidewash at the tail.
The wing caused favorable sidewash snd a corresponding increase in the
contribution of the tail to the directional stability for the entire angle-
of-attack rsm.ge. In comparison with the fuselage smd wing effects, the
effects of the canopy were of secondary hrportance except for the case of
the longest fuselsge above the stall.
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INTRODUCTION
.

The stability derivatives of an airplane are,‘of course, dependent
on the physical characteristics of-the design, such as the fuselage shape,
wing position, wing aspect ratio, tail aspect ratio, tail position, and
duct size. The effects of some of these par~=terk-on’the static lateral
snd longitudinal stability characteristics have beti determined for vari-
ous general research models in references 1 to 4. Certain other airplane
parameters which may affect the static lateral snd-static longitudinal
characteristics of airplanes, however, have received little attention in
systanatic resesrch progrsms. Two of these are the-effect of fuselage
nose length and the effect of.a canopy.

The purpose of the present investigation, therefore, was todetennine
the effects of fuselage nose length smd a caopy on...thestatic longitudinal
and lateral (primarily directional) stability characteristics of a complete
model having a fuselage with square cross sections, a 45° sweptback wing
of aspect ratio 3 mounted low on the fuselage, end ~ 4.5° sweptback hori-
zontal tail of aspect ratio 4 mounted slightly above the wing chord plane.
In sddition, the effects of fuselage nose”.lengthw&e determined for a
wing-fuselage combination. ?n order tonnaintain the ssme amount of direc-
tional stabili~ at an angle of attack of .OOfor all cmnplete models, the
vertical-tail size was increased in proportion to the increase in fuselage
nose length. The fuselage fineness ratio varied frcan7.41 to 10.18. The
effects of the cantiy on the tail contribution to the static longitudinal
and static directional stabiliw characteristicswere determined, with
the wing on and off, for the model with a fuselage gf fineness ratio 9.26.
The effect on the stability char”acteri.stiesof blunting the fuselage nose
of the comQlete madel with a fuselage of fineness ratio 9.26 waa also
determined.

The investigation covered an sngle-of-attackrange of -10° to 32° at
sideslip angles of OO_smd +~” and sn angle-of-sidesliprsnge of -240 to
24° at smglea of attack of 0°, 80, 16°, 24°, snd 326. The test Mach number
was 0.13 and the Reynolds ntiber, based “onthe wing”rneanaerodynamic chord,

was 0.83 x 106.

SYMBOLS

The data presented herein are referr~-to the stability system of
axes shown in figure 1. .Themoments were measured about the center-of-
grayity position shown in figure 2. The symbols and coefficients used
herein are deffned as follows:

.—
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lift, lb

drag, lb

side force, lb

rolling moment, ft-lh

pitching moment, ft-lb

yawing moment, ft-lb

Spsrl,f-t

total sxea, sq ft

exposed sxea, sq ft

local chord parallel to

mesa aerdynsmic chord,

plane of symmetry, ft

= rb” C%, ft
~do

tail length fran F/4 of wing to 75/4 of tail measured parallel
to fuselage reference line, ft

ratio of fuselsge

fineness ratio

spsmwise distance
symmetry, ft

dynsmic pressure,

nose length to maximum fuselage

measured fran and

(N’~, lb/sq ft

perpendicular

mass density of air, slugs/cu ft

airspeed, ft/see

singleof attack of fuselage reference line, deg

sngle of sideslip, deg

angle of sidewash, deg

depth

to plane of
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lift coefficient,
F&

@w

F&

‘r= Coefricimt’ @w

~
side-force coefficient,

Q%

rolling-mcnnent
Mx

coefficient, ~%%

pitching-moment coefficient, MY
~~q

yawing-manent-coefficientj %
q~~

—

W-Jc%‘ap
.

The prefix A denotes the contribution of-the tail assembly (verti-
cal and horizontal) to a given derivative or coefficient.

Subscripts:

f fuselage ——

h horizontal tail

v vertical tail

w wing —

Model component designations:

For convenience, the model configurations are described by a grouping
of the following symbols which denote mcdel component~:

.

.-

.

.
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F fuselage

w wing

v vertical tail

H horizontal tail

c’ canopy

APPARATUS AND MODEIS

The 6- by 6-foot test section (ref. 5) of the Langley stability
tunnel waE used for the present investigation. The mcdels were”mounted
on a single support strut which was rigidly attached to a six-ccmponent
electrcanechanicalbalance system.

A drawing of the models ‘ispresentd aa figure 2. The fuselage of
fineness ratio 8.34 (45 inches long) was previously used in reference 1.
Fuselage coordtiates ere given in table I.

●

A different size vertical tail was used with each fuselage in order
to provide about the same directional stabili~ for each mdel at an angle

. . of attack of OO. One size horizontal tail was cormnonto allmalels. The
canopy dimensions (table II) were selected as average values determined
from several present-dey fighter+pe airplanes. The canopy is located
at the ssme -distancefran the nose of each fuselage, and thus its distance
frcm the tail assembly veries with the length of the nose of the fuse-
lages. The fuselages of the mcdels were constructed of balsa wood and
were covered with fiber glaas. The wing hsd spruce spars perpendicular
to the plane of symmetry and was construct of a fiber-glass bonding
sgent molded over a lsminated balsa core, end the tail assembly was con-
structed in a like manner but it did not have spars. The wing was mounted
in the ssme low position with respect to the manent center for wing-alone
tests as when installed on the fuselages. Details of the present mdeLs
are given in table III. Photographs of
ure 3.

TESTS

the malels are presented as fig-

Six-component measurements were made for the complete mtiels (FWVH)
with the canopy on end off through an qngle-of-attack range of -10° to 32°
at sideslip angles of 0° snd k5°. The complete models, tith canopy on
snd off, were a~o tested through an angle-of-sideslip rsnge of -24° to 24°
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at sngles of-attack of 0°, 8°, 16°, 24°, and 32°.
.

These testBwere
—

repeated for the components of the model having the 50-inch-long fuselage
with the canopy on and off. The fuselage nose was blunted by removing .
3 inches from the nose for a few tests of the complete mcxlelhaving the
50-inch fuselage. With the canopy off, the wing-fuselage combinations
empl@ng the 40-, 45-, slid55-inch-long fuselages were tested through
the angle-ofi-attackrsnge,at--sideslipangles of,OO and SO.

All tests were msde at a dynsmi.cpressure of 24.9 lb/sq ft, a Mach

number of 0.13, snd a Reynolds number of 0.83 X 106 based on the mesn
aerodynamic chord of the wing.

CORRECTIONS

The angle of attack snd drsg coefficientwere corrected for the
effects of the jet bounduies by the methods of reference 6, and the
tail-on pitching moments were corrected for the effects of jet boundaries

—

by the method of reference 7. The data were not--correct& for support-
—

strut interference-or blockage effects inammch aa past experience haa
shown these corrections to be small or negligible.

RESUT21SAND D=CU9SION
.

The discussion of the static longitudinal stability characteristics
will be concerned primsrily with the pitching moment and the discussion
of the static lateral stability characteristicswill be concerned primarily
with the yawing mcxnent.

The symbols which appesr at the origin of the axes in almost every
figure are plotting+nachine reference potits rather thsn data points.

Static Longitudinal Stability Characteristics

of CampleteModels .

Effect of fuselage nose len@h.- An increase in the nose length of
the fuselsge from 3.80 to 6.58 thnes themsximum fuselage depth (or width,
since the cross section was square) had on~”a still effect on the lift
snd drag of the complete model at sn angle of sideslip of 0° (fig. 4) for
singlesof attack below the stall (about-240). T@se--small effects con-
sisted of increases in these characteristics”w~ch begen at low angles

—.
.

of attack smd occurred with the canopy on or off. Tne lift and drag were
increased scmewhat-for sngles of attack above the stall.

.
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A decrease in the static msrgin of about 0.09 mean aerody&mic chord
occurred at an angle of attack of 0° when the ratio of the fuselage nose
lengthto the msxi?mndepthwas increased frcnn3.8Q to 6.58 (fig. 4).
This decrease was the result of an increase in the unstable pitching moment
of the wing-fuselage combination as the nose ~th was increased. (See
fig. 5.) Ihasmuch as the horizontal-tail size was not Varied with the
fuselage length, the increments in the pitching moment that occurred
(fig.,4.)would be expected. An examination of the data of figures 4 and
5 indicates very little effect of fuselage nose length on the horizontal-
tail contribution to the pitching-mment coefficient. Chsmges in the
fuselage nose length had lLttle effect on the variation of the pitching-
moment coefficient with angle of sideslip for angles of attack less then
about 16°. (See fig. 6(b).) At higher angles of attack the variation
of ~ with P generally becsme greater with an increase in fuselage
nose length.

Effect of canopy.- The cenopy hsd essentially no effect on the lift
and drag of the complete mtiel at ~ = 0° (fig. 4) snd had a s~ght
effect on the pitching moment only at angles of attack above the stall.
In general, the canopy had little effect on the variation of the pitching-
moment coefficient with sngle of sideslip (fig..6(b)) for sngles of attack
below the stall, but at higher singlesof attack the canopy generally msde
the pitching moment more negative snd, in sane cases, depending on the
fuselage nose length, reduced the variation of ~ tith ~.

Effect of blunt fuselage nose.- Ih order to simulate the nose shape
for a fuselage having a nose inlet, the fuselage of fineness ratio 9.26
was cut perpendicular to the cent& line at a.distsnce from the nose of
6 percent of the fuselege length (3 inches), and this operation resulted
in a fuselage of fineness ratio 8.71. No flow was provided through the
fuselage, however. This modification had essentially no effect on the
lift, tiag, smd pitching-moment characteristics of the complete model
(fig. 7), emd a ccunpsrisonof figures 6(b) snd 8(a) indicates little
effect of the m~ification on the variation of the pitching-mcxnentcoef-
ficient with angle of sideslip.

Effect of Components on Tail Contribution to Static

Iangitudinal Stability Characteristics

The model having a fuselage of fineness ratio 9.26 was selectd for
breakduwn tests to determine the effects of the model components on the
contribution of the tail assembly (vertical @ horizontal) to the
pitching-mcnnentcoefficient.

Effect of csxmpy on tail contribution to ~.- An examination of the
data of figure 9 at ~ = Oo indicates that, with the wing off, the csnopy
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produced essentially no chenge in the contribution of the tail to the
pitching-moment coefficient of the model as expressed by the curves
FVH-F and FVHC-FC. With the wing on, the canopy produces a small
negative incrment in the tail contribution to the pitching-mament coef-
ficient as expressed by the curves FWVH - FW end FWVHC - FWC.

.

t

The variation of the tail contribution to the pitching-moment coef-
ficient (~) with angle of sideslip is affected only slightly by the
canopy with the wing off. (See fig. 10.) With the wing on, the canopy
generally caused a greater variation of’ @ with f3 at-the high angles
of attack. The tail-contributiondata of figure lo were determined frcm
the data of figures 11 and 12. —

Effect of wing on tail contribution to ~.- The addition of the
ting (fig. 9) in the low position to the fuselage reduced the contribution
of the tail to the pitching-manent coefficient at_ p = 0° for the low
and moderate sngle-of-attackranges and increased the tail contribution
at high angles of attack. The variation o*% with ~ was changed
considerably by the addition of the wing. (See fig. 10.) With the wing
off, positive increments of ~ occurred when the value”o*P was
ch&ed from OO. With the wing on; however, positive incrementswere
obtained only atthe angles of attack beyond the stall and at these angles
the variation of ~ with ~ was much larger with the wing on than ●

with the wing off. At the lower angles of attack with the wing on, the
values of & generally became more negative when P was changed
from OO.

R’

Static Longitudinal Stability Characteristics of Wing

In order to determine the characteristicsof the wing alone in the
seinelow position with respect-to the moment~enter as when used on the
fuselage, it was tested installed on the strut as shown in figure 3. The
pitching-moment coefficient of the wing did not..v~ appreciablywith
angle of attack (fig. 9) and the wing was ‘essentiallyneutrally stable
at low angles of attack. Maximum lift of the wing was achieved at an
angle of attack of 24.5° and at this angle of attack the greatest varia-
tion of % with ~ occurred. (See fig. 13.)

Static Lateral Stability Characteristics

Effect of fuselage nose length.- When the fuselage nose length was
increased, the vertical-tail size was also increased in order to maintain
approximately the ssme amount of directional stability at sn angle of
attack of OO. It would therefore be expected that, because of side-area
increases (increased nose area end vertical-tail area) which occur tith
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a increaae in fuselage nose length, the side-force parameter Cy~ would-,
also increase (become more negative) and this fact is indicated b; the
data of figure 14.

At mcderate and high’angles of attack sn increaae in the fuselage
nose length (fig. 14) resulted in large chsmges in the directional sta-
bility of the camplete model with the canopy on or off. The complete
mcxlelwith the shortest fuselages (fineness ratios of 7.41 and 8.34) and
without the csnopy had directional stability throughout the a@e-of-
attack range investigated. With the campy, however, there was some
degree.of directional testability in the high angle-of-attack range for
all mcdels. The complete model with the longest fuselage became direc-
tionally unstable esrlier than the other models (canopy on or off). An
increase in the directional instability of the wing-tielage combination
with an increase in fuselage nose length for almost the entire angle-of-
attack range (fig. 15), togeliherwith the rapid decrease with increasing
angle of attack in the vertical-tail contribution to directional stability
(fig. 16), accounts for the rapid decreaae in directional stability of the
complete model with increasing angle of attack (fig. 14). At low ~les
of attack the instabil.i@ of the wing-fuselage ccnnbinationvaried linearly
with fuselage nose length. At high singlesof attack the longest wing-
fuselage conibinationbecsme very unstable (fig. 15), and, since there was
little change in the tail contribution in this region (fig. 16), this
instability accounts for the large smount.of instability for the ccxnplete
model with the longest nose (fig. 14). b the low angle-of-attack range
there is, of course, an increase in the vertical-tail contribution inas-
much as the tail size was varied in proportion to the fuselage nose length;
but, as mentioned previously, each tail contribution decreaaed with
increasing sngle of attack (fig. 16). Only the tail contribution for the
longest fuselage, however, decreased to zero and this occurred above the
stall. When normalized with respect to the value of %B (for each

nose length) at CL= 0°, little systematic effect of nose length is noted
although the tail contribution for the longest nose length decreases more
rapidly than the others at mciierateangles of attack. (See fig. 16.) If
the vertical tail spsn were held constant when the nose length was changed,
instesd of being varied as WELSdone herefi~ a greater effect of nose l~gth
on the directional stability might have been obtained owing to the relative
location of the fuselage vortices with respect to the vertical tail.” For
the present investigation,with the vertical-tail span being changed in
proportion to the fuselqge nose length, the fuselage vortices would be
expected to rmain in essentially the ssme relative position with respect
to the vertical ttil for all nose lengths. Jn figure 17 the tail contri-
bution for each configuration csm be seen with respect to the wing-fuselage
cmnbination and the complete model. It should be noted that the data for
the wing-fuselage combination were obtained with the csnopy off only.
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At sngles of attack beyond the stall the trends become erratic, prob-
ably because of nonlinearities k the curves of the coefficients plotted
against angle of sideslip (see figs. 6(d) to 6(f), for exsmple); there-
fore, caution should be exercised in the use of the stability derivatives
in the high angle-of-attackr~ge.

The variation of-”Cn with 13 (fig. 6(f)) was essentially linear
for angles of attack below the stall (about ~“) for the complete model
with the shortest fuselage. At higher angles oflattack the curve of- Cn
against P is nonlinear and at an mgle of attack of 32.70 directional
instability as well sa the nonlinearity occurred a~small angles of side-
slip. An increase in the fuselage nose length (for.the complete mcdel)
resulted in a greater variation of Cn with ~, em increase in directional
instability, and an earlier deperture of the curves.from LLnesrity.

Effect of ceno~ .- For a given fuselage nose l&@h and for’smgles of
attack below the stall (fig. 17), the canopy hsd no-effect on the value
of Cy .

B
In all cases at sngles of attack above the stall, C-yB becsme

less negative when the canopy was silded. Except foi.the longest fuselage
nose length investigated, the canopy reduced the directional stability of
the complete model over the entire aagle-of-attackrange. For the longest
fuselage, the mcdel wsa directionally stable at ang~es of attack above
the stall with the canopy but very unstable without_the canopy (fig. 17(d)).
The canopy also affect~”th=~nature and-magnitude of the variation of Cn
with p, the degree of the effects depending on the.angle o&attack and
fuselage nose length but, in general, the curves became less linear when
the canopy was on the models.

Effect of blunt fuselage nose.- Except-for~Ies of”attack beyon~
the stall, blunting the nose-of the fuselage of fin~ess ratio 9.26
improved the directional stability of the ccmplete model (fig. 17(c)),
probably as a result of a decrease in the directional instability of the
fuselage. At angles of attack above the stall and with the canopy off,
directional instability was caused by the blunt nos~. In this angle-of-
attack region very nonlinear curves of Cn plotted against ~ were
indicated from the data of figure 8(c) end because of this nonlinearity
the slopes shown in figure 17(c) at these high angles of attack probably
do not truly represent the directional stability of the models.

.
Effect of Components on Tail Contribution to

Static Lateral Stability Characteristics

The model having a fuselage of fineness ratio ~.26 was selected for
bresk.duwntests to.determine the effects of the model components on the
contribution of th+tail assmbly (vertical and horizontal) to the static
lateral stability (primarily directional) characteristics.

.

.

-—

.

.

—
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Effect of canopy on the sidewash parameter and on the tail contri-

bution to ~ smd Cn.- The sidewash parameter
()1+$% ‘hi*is

presented in figure 18 was determined from the side-force psmmeter Oy~

of figure 19 by the method of reference 2. Since tests of the tail alo~e
were not made for the present investigation, these data were obtainel
from reference 1. It was necessary, however, to ad~ust the data of ref-
erence 1 to account for the difference in size of the vertical tails.
Although the horizontal tail used herein and that of reference 1 were of
different aspect ratio (4.~ and 2.77, respectively), the theoretical
investigation of reference 8 indicated no effect of this difference on
the side-force prsmeter of the vertical tail at low sngles of attack,
and, accordingly, no additional adjustment was made to the data to account
for the difference in the horizontal-tail aspect ratio. The experimental
investigation of reference 9 also idicates little.effect of this small
difference in horizontal-tail aspect ratio on the derivative CyB at an

angle of attack of OO. h the high angle-of-attack range, it is-not lomwn
whether a~reciable differences in the value of cY~ would occur owing

to the difference in the horizontal-tail aspect ratio used in reference 1
and that of the present investigation.

The data of figure 18 indicate that with the wing off snd the canopy
off a large increase in the adverse sidewash occurs as the angle of attack
is increased, and, for sngles of attack greater than 19°, the sdverse side-
wash becomes so great that the contribution of the vertical tail becomes
unstable. Corresponding decreases in the tail contribution axe associated
with the unfavorable changes in sidewash at the tail. The addition of the
wing provides a favorable change in sidewash and in the tail contribution
to the directional stabili~ throughout the angle-of-attack rsmge (fig. 18).
In comparison with the fuselage snd wing effects, the effects of the csn-
opy were of secondazy importance except for the case of the longest fuse-
lage above the stall.

Additional sdverse sidewash at the tail was caused by the canopy
(fig. 18) for all angles of attack except near the stall. This adverse
sidewash resulted in a decrease in the tail contribution to the direc-
tional stabi~w [~p) in this angle-of-attack range. In the region of

the stall the canopy prckiucedfavorable sidewash at the tail and this,
of course, slightly increasd

%
. These effects of the canopy were

similar with the wing on and off.

Since the sidewash data, which were determined tith isolated-tail
data for a horizontal tail of aspect ratio 2.77 instead of 4.00 as used
herein, adequately describe the tail contribution to %p in the high

angle-of-attack range, it would appear that the difference in horizontal-
tail aspect ratio between the model used herein and the model of refer-
ence I.was of Ettb consequence with regard to the derivative ~B.
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.

The nanlinearities that occur at high angles of attack inthe vari-
ation of the coefficients with angle of sideslip (see figs. 6(d) to 6(f),
for exsmple) should be considered when the stability derivatives we used .

for that angle-of-attack range. Tn the high sideslip-smglerange
(fig. 20) the canopy also generally had sm adverse effect on the contri-
bution of the tail to the yawing-moment coefficient-(~n), especially at

singlesof attack nesr and above the stall.

“Effectof wing h sid~ash phrsmeter .&f”on ta~l contribution to —

cnB W Cn.- The addition of the wing in the low position to the fuse- ..

lages (fig. 18) produced favorable sidewash at the tail, canopy on or off, .—

for almost the entire angle-of-attack rsmge. (An exception was with the
canopy off at angles of attack above 300.) Corresponding increases in
the tail contribution to the directional stability due to-the wing were
apparent from the data of figure 18;–With the wing on the tail contrib-
uted positive directional stability for the entire aagle-of-attackrange,
whereas with the wing off the tail contributionbecame zero at an angle
of attack below--thestall. The favorable sidewash due to the addition

.—

of the wing is in agreement with the–investigation of reference 10 wherein,
for a fuselsge with square cross sections, the addition of swept or unswept
wings in the low or high positions contributed favorable sidewash at the
tail, the greatest amount of favorable sid&wash bei~ contributedby the
low wing positions.. . *.4

Effect of canopy on fuselage and~ng-fuselage ““characteristics.- As
would be expected, the addition of the canopy to the fuselage-resultedin

.

greater directional instability in the low angle-of-=ttackrange. (See
fig. 19.) For higher emgles of attack, however, the canopy decreased the
instability of the fuselage. Aleo, for angles of attack above about 30°,
the fuselag-ewith the-canopy-becamedirectionally 6t=able. The addition

—.

of the csnopy to the wing-fuselage combination results in more instability
throughout the angle-of-attackrange with the greatest-effect of the cen-
opy occurring at sngles of attack above the stall. ““

CONCLUSIONS
—- —

An investigationmsiieat low speed in the Langley stability tunnel
to determine the effects of fuselage nose length (the fuselage fineness
ratio varied frcm 7.41 to 10.18) and a canopy on the static longitudinal
and lateral stability characteristics of sn airplane model having a low-
mounted 45° sweptbackwing of aspect ratio 3, a 45° sweptback horizontal
tail of aspect ratio 4 mounted slightly ab-ovethe wing chord plane, md
square fuselage cross sections haa indicated the following conclusions:

---

.
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1. An increase in the ratio of the fuselage nose length to the msM-
mwn depth from 3.80 to 6.58 reduced the static margin at an angle of
attack of Oo by shout 0.09 mean aerodynamic chord, had llttle effect on
the lift below the stall, and increased the lift sanewhat for angles of
attack above the stall.

2. The addition of the canopy to the models had ess=tially no
effect on lift, drag, and pitching mcment for the angle-of-attack rsmge
investigated.

3. With approxbnately the same amount of directional stabi~ty at
an singleof attack of 0° (obtained by increasing.the vertical-tail size
in proportion to the fuselage size), an increase in the fuselage nose
length caused a large decrease h the directional stability of the com-
plete model with canopy on or off at mmierate and high sngles of attack.
This large decrease was caused by an increase in the directional insta-
bility of the wing-fuselage combination with an increase in fuselage nose
length together with the rapid decrease in the vertical-tail contribution
to directional stabili~. Only ccmplete models ha- fuselages,of fine-
ness ratio 7.41 and 8.34 and without the campy had directional stabi~ty
throughout the angle-of-attack range.

.

4. Except for the longest fuselage Length investigated, the canopy
reduced the directional stability of the complete mcdels over the entire

. angle-of-attack range. For the longest fuselage, the mcdel was direc-
tionally stable above the stall with the canopy on but very unstable with
the canopy off.

5. The results of breakdown tests, msde only for the model having a
fuselage of fineness ratio 9.26, indicated that adverse sidewssh at the
tail coming from the fuselage caused the contribution of the vertical-
horizontal tail assembly to deteriorate rapidly as the angle of attack
was increased so that at angles of attack beyond the stall the tail contri-
bution became unstable. The addition of the low wing of aspect ratio 3
caused favorable sidewash throughout the angle-of-attack range and this
sidewash resulted in am increase in the tail contribution. The canopy
also caused adverse sidewash (the effect of the canopy was secondary to
the wing and fuselage effects except for the case of the longest fuselage
above the stall) and a corresponding decrease in the tail contribution
for ‘al-langles of ‘attackexcept near the stall where favorable sidewash”
and a slight increase in the tail contribution resulted from the csnopy.

Langley Aeronautical Laboratow,
. National AiM.sory CommLttee for Aeronautics,

Langley Field, Vs., January 24, 1957.



14 NACATN 3961

REFERENCES

.

.

1. Letko, Willism, snd Willisms, Jsmes L.: Experimental Investigation
at Luw Speed of Effects of Fuselage Cross Section on Static Iangi-
tudinal md Lateral Stability Characteristics of Models Having 0°
and 45° Sweptback Surfaces. NACA TN 35’31,lS955.

2. Goodmsn, Alex, end Thomas, David F., Jr.: Effects of.Wing Position
and Fuselage Size on the Iow-Speed Static and Rolling Stability
Characteristics of a Delta-Wing Model. NACA Rep. 1224, 1955.
(Supersedes.NACA TN 3063.)

3. Wol-hart, Walter D., and Thomas, David”F~”i-Jr.: Stati> fi-ngitudinal
and Lateral Stability Characteristics at Low ‘Speedof Unswept-Mid.wing
Models Having Wings With an Aspect Ratio of 2> 4, or 6. NACA
TN 3649, 1956.

-.

4. Jaquet, Byron M., and Williw&, Jsmes L.: Wind~Tunnel.Investigation
at Low Speed of Effect of Size snd Position of Closd Air.Ducts on
Static Longitudinal and Static Lateral Stability Characteristics of
Unswept-MidWingModels Having Wings of Aspect Ratio 2, 4, and 6.
NACA TN3481, 1955.

5. Bird, John D.;-”Jaquet,Byron M., end Cowsn, Jo-W.: Effect-of Fuse-
lage and Tail.Surfaces on Iaw-Speed Yawing Characteristics of a
Swept-WingModel As Determined in Curved-Flow Test Section of Langley
Stability Tunnel. NACA TN 2483, 1951. (Supersedes NACARML8G13. )

—

._

u

.

6. Silverstein, Abe, end White, Jsmes A.: Wind-Tunnel InterferenceWith
Particular Reference to Off-Center Positions of the Wing sxulto the
Downwash at the Tail. NACA Rep. 547, 1936.

7. GilliE!,Clarence L., Polhsmus, lMward
Charts for Determining Jet-Boundary
in 7- by 10-Foot Closed Rectangular
1945. (Formerly NACAARRL5G31. )

8. Queijo, M. J., snd Riley, Donald R::
and Resulting Stability Derivatives

—
c and Gfisy,Joseph L., Jr.:”
C&ections for Complete-Models
wind Tunnels. NACAWR L-123,

Calculatii Subsonic Span Losds
of @wept-and 45° Sweptback

Tail Surfaces in Sideslip and in Ste@y Roll= NACA TN 3245, 1954.

9. Riley, Donald R.: Effect of Horizontal-Tail Span and Vertical location
on the Aerodynamic Ch=acteristics of an Unsw@t Tail Assembly in
Sideslip. NACA Rep. 1171, 1954. .(SupersedesNACA TN 2g07.) .

10. Letko, Willism: Experimental Investigation at Low Speed of the Effects
of Wing Position on the Static Stabili@ of Maiels Hqving Fuselages .
of various Cross Section sad Unswept smd 45° ~eptback Surfaces.
NACA T!N3857, 1956.

—.



NACA ~ 3961 15

TABLE I.- FUSELAGE COORDINATES

Fuselage of fineness ratio 7.41

x/ z-f

o
.05
.10
.15
.20
.25
.30
.35
.40
.45
.50
● 55
.60
.65
.70
● 75
.80
.85
.90
● 95

1.00

o
.015
.027
.038
.047
.o%
.060
.064
.067
.068
.066
.065
.063
.060
.057
.o%
.050
.047
.043
.039
.034

+

t

w

r–= 0.362 w
w

++

E-’
b order to construct the three longer fuselages, sections having

a constant cross-sectional area and lengths of 5, 10, and 15 inches were
tided forward of and beginning at the center of gravity of the small
fuselage.
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‘EmLu II.- CAmPY Ccarlmlm

=t+-t%-

W ii
0.3.43 0.63 O.m

o .211

0.214 0.073 O.&y
.@ .163.
.o% .L7g
.&g .V6
.038 .21&
.024 .232
0 .241

I 1

0.286 0.079 0.lyy
o .259

0.357 I 0.082
I

O.la
o .269 I

0.429 O.oa 0.171
.080
:~1 ;%

.@l .252

.0% .&@

.Oti .268
0 .W

O.m
I

0.081
I

o.1~
o .268 I

o.~1 I 0.07’3 I o.183
0 .261 I

0.6J+3 0.063 o.L86

:3
.W6
.214

.052 .232

.mg _ .~o
o .252

1 I

0.71.4 0.052 O.lgo
o .241

o.7t?6 0.039 O.lgl
o .=9

0.857 0.026 0.193
.019 .200
.03-6 .X)7
.006 .214
0 .21.6

0.928 0.013 0.l_93
o .ti

1.03J 10 I 0.193 I

—

Y

—-

,—

—

.
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TABLE III.- PERTINENTDETAIISOF MODEIS
.

Fuselage:
Length,ti. . . . . . . . . . . . . . . . . . . . . . . . . . 40
Ratioof noselengthto efterbodylength. . . . . . . . . . . 1.051
Maxtiumheightsndwidth,in. . . . . . . . . . . . . . . . . 5.40
Finenegsratio. . . . . . . . . . . . . . ...”.... . . . 7.kl
Sidesrea,sh in...... . . . . . . . . . . . . . . . . . 158.7
voh.me,chi n...... . . . . . . . . . . . . . . . ...681.6
Maximm cross-sectionalarea,sq in. . . . . . . . . . ... . 28.3

Verticaltail:
Tbtalareato fuselagecenterlfne,~, sq in. . . .“.. . . b8.6
Exposedarea,Se3V,sq in. . . . . . . . . . . . . . . . . . 37.0
spanfromfuselagecenterl.ine,in. . . . . . . . . . . . . . 8.25
Rootchord,in....... . . . . . . . . . . . . . . . . . 7.37
Mesnaercdynemicchord,in.. . . . . . . . . . . . . . . . . 6.03
Sweepbackof quexter-chordline,cieg. . . . . . . . . . . . . 45
Taperratio . . . . . . . . . . . . . . . . . . . . . . . ..o.6
Aspectratio. . . . . . . . . . . . . . . . . . . . . . . ..1.4
NACAairfoilsectionperallelto rootchord . . . . . . . . . 65AO08

. . . . . . . . . . . . . . . . . . . . . . 0.0804

canopy:

45
1.308
&

18+.7
823.0
28.3

59.0
46.1
9.09
8.11
6.64
45
0.6

65A&;

0.0976

17

1.5Z
5.40
9.26
2r2.7
9a.4
28.3

68.7
%.5
9.81
8.76
7.:;

0.6

65A&~

0.u36

55
1.820
5.40
10.L8
239-7
1105.8
28.3

79.1
64.0
10.52
9A0
7.69
45
0.6

65A&k

O.U08”

A Length,in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...14.00
Sidearea,sh in...... :-:.. . . . . . . . . . .
Msximu cross-sectionalarea,sq in. . . . . . . . .,
Volume,chin..... . . . . . . . . . . . . . . .
Ratiooflengthtomsximmwidth . . . . . . . . . . .
Ratioof distancefranfuselagenoseto fuselagewidth

.

wing:
Area,~,sq in....... . . . . . . . . . .
Sp.sn,in.. . . . . . . . . . . . . . . . . . . .
Rootchord,in....... . . . . . . ... . .
Meanaerodynamiccho@l,in. . . . . . . . . . . .
Sweepbackof quarter-chcndline,deg . . . . . . .
Taperratio . . . . . . . . . . . . . . . . . . .
Aspectratio. . . . . . . . . . . . . . . . . . .
NACAairfoilsectionparallelto plsaeof synwnetry

Horizontaltail:
Totalarea,Sh,sq in... . . . . . . . . . . .
S-pan,in. . . . . . . . . . . . . . . . . . . . .
Rootchord,ti. . . . . . . . . . . . . . . . .
Mesnaercdynemicchord,in. . . . . . . . . . . .
Sweepbackof quarter-chordtie, deg . . . . . . .
Angleofincidence,deg.... . . . . . . . . .
Dihedralangle,deg.... . . . . .. . . . . .
Taperratio . . . . . . . . . . . . . . . . . ..
Asp=t ratio. . . . . . . . . . . . . . . . . . .
NACAairfoilsectionparallelto planeof s~etry

Zhsh
Tail volume, . . . . . . . . . . . . . . . . .

-%’%

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. . . . . . . . . . . . . . . .

. . . . .. . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . .. . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

11.9
2.0
15.1
3.99
1.11

32k.0
3LL8
12.99
LO.63

45
0.6

65Ad

64.8
16.10
5.03
4.11
b5
o
0

4:6:
65Ao08

0.32k
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Figure l.- Stability syste”mof axes.
moments, and angular

Arrows indicate positive forces,
displacements.
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Figure 2.- Details of models. Dimensions are in inches.
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Figure 3.- Photographs of models. L-57-147
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Figure 4.- Et?ect of
the variationof

a for a complete
having a fuselage
tions. Canopy on

fuselage no6e lengthon
CL, C;, and ~ vlth

45° .weptbackwing model
with square crom fiec-
antloff: B = OO..,

a wing-fuselagecodination having a fuselage
with square cross Bectionsand.a low - of
aapect ratio 3. Canopy off; ~ = OO.

~Lfm;-&& ‘- ‘“ ‘- ‘-

Figure 5.- Effect of fuselagenose length on the
vmation of CW C;, and ~ with a for
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Figure 6.- Effect of canopy and fuselage nose length
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(c) Variationof

Figure 6.-
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($ with p.
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(d) Variationof ~ with p.

l?igure6.- Continuai.
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Variationof ~ with ~.

Figure 6.- concluded.
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.7
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2

.1

0

cm

●

Figure 7.- Effect–of blunting fuselage nose on v=iation of CL, CD,
snd ~ tith a for a complete 45° sweptback wing model having a
fuselsge with square cross sections. Pointed fuselage of fineness
ratio 9.26j blunt fuselsge of fineness ratio 8.71; csmopy on and
Offj ~ = OO.
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(a)

~ti-p,w- -- .-

Variationof ~ aud ~ with 13.

%’

(b) Variationof C; and ~ with $.

Figure 8.- Aero@’nsmic characteristics in sideslip of a complete 45° sweptbackwing mxlel hambg
abhmt nose, a finenessratio of 8.71.,and a ratio of fuselage nose length to maximum depth

of 5.C9. Campy on and off.
‘%
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(c) Variation of Cl and. Cn with ~.

Figure 8.- Concluded.

.
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(a) Campy on.

.4?jedaftd, cr.*

(b) Campy Off.

Figure 9.- Variation of CM C;, and ~ with cc for the ccmponants of a 45° aweptb~~

model having a pdnted fuselage of finenem ratio 9.26. p = 00.

y
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Flogged symbo/s mokvte cunopy off

ACM

Angle af SIZ4WP, /, deg

Figure 10.- Effect-of canopy on the vsriation with angle of sidesltp of
the contribution of the tail asserriblyto the pitching-momenticoeffi-
cient. Fuselage fineness ratio, 9.26; pointed nose3 wing off and on.
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(a) Variationof CL d ~

with ~ for F.

f%

(b) Variationof’ CL and ~

with p for FVE.

Fi@re Il.- Aer@mmd.c characterkhics in sidesli.pof the compammts of a 45° sweptbackwing
mcde~ having a fuselsgeftienem ratio of9.26 ami a ratio of fuselagenose lengthto
maximum depth of 5.65. Pointed nose; CanOPY~ ~ off; - off.

n’.
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(c) Variation of C; and Cy (d) Variation of ~ and ~

with 13 for F. with B for F’VH.

Figure IL. - Continued.
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(e) Variation of Cl and ~

with p for F.
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(f) Variation of C~ @ %
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Figure U,. - Concluded.
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Figure 12. - Aemdynamic characteristics ti sideslln of the cmmnents of a 45° mebtback wim w.,.
model hawing a-fuselage fineness ratio of 9.26 ‘~ a ratio if fuselage no~e l&th to - g

maximum depth of 5.65. Pointed fuselage; campy on and off; wing on.
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(c) Vmiatkm of ~ @ad. Cy
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Figure 12. -
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(d) Variation of Cj and @

with p for FWVH.
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(a)

Figure

%

Vaxiation of ~ and ~ with ~.

.4@ ddg, & ~

(b) Variation of C; and ~ with

13. - Aerodynamic characteritiics in Bid.eslip of a 45° aweptback wing having an aspect
~

ratio of 3 and muted h low position with respect to manent center of model.
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(c) Variation of CZ and Cn With p.
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(a) Cmopy .~m

F@re 1.4.-Effect of fuael~ m6e ~~

Pkk 45° smptback ting mM. _ a
fuael.age tith square
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All@> atha,ti-dw

H,gure 15i. - Effect of fuselage nose length Figure I_6.- Effect of fuselage nose length on

on the variation of Cypj ClpJ ~ %p contribution of tail assentdy to ~B for a

tith u for a wing-fuselage conblnatim
model having a fuselage with square sections.

haKLw a fuselage with square cross sec-
(Vertical-tail size varies with fkselage nose

tions and a low wing of aspect ratio 3. length. )

canopJ off.

, . . ,
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(a) Fuselage of Rlneness ratio 7.41
(pointed nose).

Figure 17.- Effect of canopy on the vari,atbn

model having a fuselage

(b) Fuselage of finenefis ratio 8.34
(potited nose).

with squme cross sections.

sweptback wiwj
&
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(c) Fuselages of ftieness ratio 9.26
(po3nted nose) emd 8.TL (blunt nose).

Figure 17.- COnChded.
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(d) ~elage of finenese ratio 10.18.
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w

Ang/e of ottock, C, deg

Figure 18. - Effect of csnopy

A%p for a 45° sweptback

fineness ratio 9.26.

(Jau% ~~and wing on variation of 1 + —
a~

wing model having a pointed fuselsge of
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(a) Canopy on.

.4!#d L?ffd, G&$

(b) Campy Off.

Figure 19. - Variation of CyP2 Czpj and %P with a for the ccanponentsof a 45° sweptback

wing nmM. m a pointed ~exe of fineness ratio 9.26.
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Figure 20.- Effect of csnopy on the variation with angle of sideslip of
the contribution of the tail assembly to the yawing-moment coeffi-
cient. Fuselsge fineness ratioJ 9.26; pointed nose; wing off and on.
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